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Progress in science has always depended directly on INTRODUCTION 
advances in instrumentation. In astronomy, for 
example, new realms of knowledge opened with each 
development in telescopes, position-measuring de-
vices, spectroscopes, and light-sensitive detectors. In 
chemistry, the creation of accurate graduates and 
balances enabled investigators to move beyond 
alchemy and into the scientific discipline that eventu-
ally produced molecular theory. More recently, work 
in organic chemistry, biochemistry, and medicine has 
been supported by a continually evolving armamen-
tarium, including such instruments as the micro-
scope, the spectrograph, X-ray devices, electromag-
netic resonance machines, and a host of automatic 
analytical equipment. 
Every area of modern research depends on, and gen­
erates, a remarkable variety of scientific devices. A 
recent issue of Science magazine, the Journal of the 
American Association for the Advancement of Sci­
ence, contained advertisements for devices operating 
on 28 different principles. Most of these instruments 
were designed to advance research, analysis, or qual­
ity control capabilities in biology, chemistry, and 
medical laboratories. 
In the early days of scientific investigation, research­
ers designed the instruments they needed, often set­
ting aside their scientific work to construct some 
2 
_, 
piece of apparatus with their own _hands. Galileo and 
Newton, for example, ,made their telescopes; 
Leeuwenhoek, his microscope; and Fraunhofer, his 
spectroscope. As science matured, however, the 
blowing of glass and the production of optics became 
the province of specialists. With their growing dex­
terity and expertise, specialists began to provide 
other instruments required for scientific research. 
They learned the art of making fine scales for the 
measurement of length and angle, as well as devices 
for the accurate determination of volume, mass, 
temperature, and the many other measurements 
required in research. 
The 19th century saw a great advance in the 
mechanical arts, as the instrument technician 
developed diffraction gratings, microbalances, and 
fine optics for telescopes, microscopes, and cameras. 
These and other instruments demonstrated the 
superb craftsmanship of the period and made it pos­
sible for scientists to advance research in a number 
of fields. 
Over the years, instrument technicians helped scien­
tists perform ever more sophisticated experiments by 
providing them with a steady supply of increasingly 
complex equipment: vacuum pumps and X-ray 
tubes, cloud chambers and particle counters, intricate 
glassware for chemical reactions, and many other 
instruments. Toward the end of the 19th and into 
the early 20th century, new technologies were both 
fostered and demanded by parallel advances in the 
sciences. For example, work with X-rays-as a field 
of research and as an investigatory tool-prompted 
the development of new techniques and instrumenta­
tion. Electrical experiments and electrical measuring 
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Floyd Ratliff and the core memory component-or heart-of 
the first computer used at Rockefeller. 
The 20th century has brought a proliferation of tech­
nological advances unparalleled in the history of sci­
ence. Among these advances, the development of 
electronics has had a profound impact on scientific 
research. Like society in general, scientific investiga­
tion has undergone revolutionary change in the elec­
tronic age. The electron microscope has allowed 
scientists to probe more deeply than ever before into 
the structure and organization of living matter. At 
the same time, the electronic manipulation of data 
has enabled scientists to explore uncharted complexi­
ties in nature and conduct sophisticated analyses with 










Although the expert instrument maker and other 
specialists provide most of the devices used today in 
research, usually it is the scientist conducting experi­
ments in his or her laboratory who sees the need for 
a new device. The scientist may become aware of 
technology in another field that can be adapted for 
his or her use. Or the scientist may see a way to 
modify an existing device in order to eliminate some 
shortcoming. 
In a research institution such as The Rockefeller 
University, many services are available to assist the 
scientist in the development, refinement, and use of 
new, sophisticated equipment. Since the mid-l 930s, 
the Instrument Makers' Shop at Rockefeller has 
helped design and construct many scientific devices 
that now play a significant role in laboratories around 
the world. Today, under the direction of Carl Tiden, 
the shop also alters commercially manufactured 
instruments to meet the needs of specific projects. 
During the 1930s and 1940s, the work of the Instru­
ment Shop helped Rockefeller become preeminent in 
the application of electronic methods and devices to 
biological problems. In the early 1950s, biophysicist 
Detlev Bronk formally established a separate Elec­
tronics Shop at Rockefeller, soon after he became 
president of the institution. In 1963, the Shop was 
made a component of a new Electronics Laboratory. 
Under the direction of Dr. Robert L. Schoenfeld and 
Dr. Lawrence Eisenberg, scientists in this laboratory 
have undertaken research on and the development 
of electronic biomedical instrumentation. Today, 
this laboratory is known as the Laboratory of Elec­
tronics and Laboratory Microprocessors, a name that 
reflects its considerable role in adapting and advanc­
ing computer technology for biomedical applications. 
As is the case with the instrument makers, some of 
the work of the electronics experts consists of adapt­
ing commercially available equipment to meet the 
particular research needs of Rockefeller scientists. 
Often the experts in the Electronics Laboratory and 
Shop are called upon to design and construct inter­
face electronics between pieces of standard equip­
ment and an instrument created specifically for use 
in an experiment at the University. In many cases, 
however, the Electronics Laboratory designs unique 
and innovative electronic systems that are con­
structed by the Electronics Shop. 
One device created with the assistance of the 
University's expert technicians was designed by 
physiological psychologists Dr. Neal E. Miller and 
Dr. Barry R. Dworkin to help patients with scoliosis, 
or curvature of the spine, improve their posture. 
Clinical tests of this patented device have been 
encouraging. Consisting of light nylon loops, the 
device encircles the torso both vertically and hor­
izontally. A miniaturized electronic instrument 
measures the length of the two lines and emits an 
audible tone several seconds after the measurements 
show the wearer's posture is unsatisfactory. The 
tone stops only when the posture is corrected. 
-·
5 
0 10 20 30 '40cm. 
0 3 6 9 12 1� inche.5 
Timer f01' 
solenoid 




Two of the most significant breakthroughs in 
scientific instrumentation at The Rockefeller Uni­
versity were the development of the amino acid 
analyzer and the peptide synthesizer. These devices, 
which have contributed enormously to the under­
standing of proteins, exemplify the integral connec­
tion between the invention and development of 
scientific apparatus and the progress of scientific 
research. To understand the significance of these 
instruments, it is necessary to have a basic under­
standing of protein structure and function. 
Proteins are the key components of all living organ­
isms and occur in a multitude of forms. Those 
present in the human body include hemoglobin, the 
molecule that carries oxygen in red blood cells; many 
hormones, such as insulin, which are the chemical 
messengers that coordinate biological activities; 
immunoglobulins, the master molecules of immu­
nity; and all known enzymes, the catalysts of innu­
merable body processes. As Rockefeller University 
president Joshua Lederberg has noted, "Almost 
everything we attempt in rational medicine is con­
nected with the structure and behavior of proteins." 
Considered as molecules, most proteins are very 
large, with molecular weights ranging from 10,000 to 
several million times greater than the weight of a 
hydrogen atom. Because of their size and complex 
structure, proteins proved very difficult to analyze 
and describe in detail. 
Organic chemists learned early that proteins could be 
broken down into their constituent chemical ele­
ments, with carbon, hydrogen, oxygen, and nitrogen 
being the most prevalent; this knowledge provided 
little insight, however, into protein structure. 
Surprisingly, it was discovered that when subjected 
to less vigorous means of decomposition, all proteins 
broke down into approximately 20 simple organic 
compounds-the amino acids. Two or more amino 
acids linked together form what is called a peptide, 
and a protein may be described as a very large, struc­








In the early 1940s, at what was then The Rockefeller 
Institute for Medical Research, scientists Stanford 
Moore and William Stein were studying the structure 
of proteins in order to better understand their bio­
logical activities. At that time, there were no ade­
quate methods available for determining the amount 
or position of the various amino acids present in a 
specific protein. In attempting to solve this problem, 
Drs. Moore and Stein turned to partition chromatog­
raphy, a technique introduced by English researchers 
A.J.P. Martin and R.L.M. Synge. Chromatography, 
which was developed early in the century, is a 
method of separating, identifying, and purifying 
closely similar chemical compounds. Scientists using 
this technique allow a solution to seep through a 
column of adsorbant so that each compound 
becomes adsorbed in a separate layer. (The method 
was named chromatography because, in many of the 
early experiments, the various layers of compounds 
often appeared as different colors.) 
The refinements developed by Martin and Synge 
when they introduced partition chromatography in 
1941 made this method especially well suited for 
separating such water-soluble compounds as amino 
acids and peptides. At the suggestion of Dr. Synge, 
the Rockefeller scientists tried using moist potato 
starch with organic solvents as an adsorbant for 
separating the amino acids of proteins. When a solu­
tion of degraded protein was passed through a 
column packed with the starch, the amino acids 
emerged in sequential layers. Collecting and analyz­
ing the separated fractions, however, remained a 
tedious and time-consuming process. 
At this point, Dr. Moore and Dr. Stein enlisted 
the skills of the Rockefeller instrument makers to 
construct an automatic fraction collector that could 
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perform the necessary tasks unattended. A photo­
electric eye was incorporated to count each fraction. 
The scientists also introduced into the process a sub­
stance that yields a blue color when combined with 
amino acids. Because the intensity of the color pro­
duced is proportional to the amount of amino acid 
present, this proved to be a good way to determine 
the quantity of amino acid in a specific fraction. 
Over a period of years, Drs. Moore and Stein 
worked with the Rockefeller instrument makers to 
refine the process. By substituting a synthetic ion­
exchange resin in place of the starch adsorbant and 
by regulating temperature, pressure, and other vari­
ables, the scientists were able to obtain: separations 
of high resolution. By 1958, together with a young 
member of their laboratory, Dr. Darrel Spackman, 
they had created a completely automated amino acid 
analyzer. During the 1940s, it had taken Dr. Moore 
two years to analyze two amino acids in two proteins. 
The new automatic amino acid analyzer, however, 
could analyze 18 amino acids in a single hour. Com­
mercially manufactured versions of this device are 
now standard equipment in laboratories all over the 
world. 
With the creation of the amino acid analyzer, rapid 
progress was made in deciphering both the sequence 
of amino acids in various proteins and the way in 
which the chains of acids are interconnected and 
folded. In 1963, the Moore-Stein laboratory re­
ported that it had determined the structure of pan­
creatic ribonuclease, the first enzyme and largest pro­
tein to be decoded up to that time. And in 1972, 
Drs. Moore and Stein shared the Nobel Prize in 
Chemistry with Christian B. Anfinsen of the National 
Institutes of Health for their contributions to sci­
entific understanding of the ribonuclease molecule . 
After the creation of the amino acid analyzer, the 
next obvious step was to develop a method for syn­
thesizing peptide chains-the building blocks of 
proteins-by stringing together, in proper sequence, 
the necessary amino acids. 
As an August 1971 issue of Chemical & Engineering 
News noted: 
On May 26, 1959, [Rockefeller scientist] 
Bruce Merrifield recorded in his notebook: 
"There is a need for a rapid, quantitative, 
automatic method for the synthesis of 
long-chain peptides." Five years later; he 
satisfied that need, and chemists, biologists, 
physicians, several instrument makers, and 
probably society at large are in his debt. 
In the late 1950s, Dr. Merrifield, who now leads a 
Rockefeller biochemistry research team, was working 
to synthesize short peptides, each with fewer than 10 
amino acids linked together. The use of conven­
tional methods made this a difficult, time-consuming 
process, for every time Dr. Merrifield added an 
amino acid to a peptide chain, he had to remove the 
products of the reaction from the reaction vessel and 
purify them. Procedures used at the time took many 
days to complete, and the yields were small. To sim­
plify and speed up the process, Dr. Merrifield 
reasoned that if he chemically anchored the first 
amino acid to an insoluble solid support, he could 
di�solve unwanted byproducts and simply wash them 
away-without removing the amino acid and its 
anchor from the reaction vessel. Other amino acids 
could then be added, one at a time, and the process 
could be repeated until the desired peptide was 
created. The peptide would then be chemically 








A lengthy search for an anchor finally resulted in the 
selection of small beads · of polystyrene resin, a 
common plastic. Not long afterward, in 1962, 
Dr. Merrifield and his colleagues reported that they 
had used this new technique to synthesize a four­
unit peptide. Their yield was nearly 100 percent, and 
it had taken them only four hours to add each amino 
acid and two to three weeks to purify and character­
ize the product. 
Despite this impressive success, it was clear that a 
mechanized process was needed for making large 
peptides. The first working model of an automatic 
solid-phase peptide synthesizer was developed in 
1965 by Dr. Merrifield and his colleagues, in collab­
oration with Rockefeller instrument makers and elec­
tronics experts. 
One of the landmark achievements in the Merrifield 
laboratory occurred in 1969, when Dr. Merrifield and 
Dr. Bernd Gutte announced that they had accom­
plished the first synthesis of an enzyme, pancreatic 
ribonuclease-the same enzyme that Rockefeller 
scientists Moore and Stein had successfully analyzed 
in the early 1960s. Synthesis of the pancreatic 
ribonuclease molecule, which consists of 124 amino 
acids, required 369 chemical reactions and 11,391 
machine steps. 
Later, commercially manufactured versions of the 
Merrifield solid-phase peptide synthesizer became 
available, and scientists in laboratories around the 
world began to use this sophisticated equipment to 
investigate the structure of a wide range of peptides 
and proteins. Working at the molecular level, these 
scientists have advanced biological research and 
increased scientific knowledge in such fields as 
immunology, endocrinology, and the neurosciences. 
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Floyd Ratliff (left) and Vance Zemon, a member of his 
research team, using the visual stimulator and data analyzer. 
During the 1950s, a biophysics laboratory became 
the home of the first computer at Rockefeller. This 
laboratory was headed by Dr. H. Keffer Hartline, the 
late Nobel Prize winner, and his partner, Floyd 
Ratliff, who is continuing their work in vision 
research. More than 50 years ago, Dr. Hartline and 
a colleague, Clarence Graham, became the first 
scientists to record the activity of a single optic nerve 
cell. At Rockefeller in the 1950s, Dr. Hartline and 
Dr. Ratliff began their pioneering studies of neural 
mechanisms at work in the retina of the eye. 
From the beginning, the progress of this research 
has been closely linked to the development of equip-
ment and techniques. In his original work, Dr. Hart­
line perfected an exquisite surgical technique that 
enabled him to make electrical contacts with a visual 
cell in the retina of a laboratory animal. These con­
tacts were then linked to an amplifier which enlarged 
the signal so that it could be recorded on an instru­
ment called an oscillograph or displayed on a related 
instrument called an oscilloscope. 
As is often the case with pioneering scientific 
research, this work was begun with very simple, 
homemade devices. As the research became more 
sophisticated, however, the Instrument Shop became 
involved in the design and construction of special 
manipulators and high-speed shutters that allowed 
the scientists to carefully control the visual patterns 
presented to research subjects. The use of fine 
microelectrodes eventually replaced Hartline's surgi­
cal work done by hand. And the increasing use of 
computers enabled the scientists to record, store, 
and interpret huge volumes of information transmit­
ted at an extremely high rate by visual cells. 
Today, some members of the Ratliff research team 
work with a new microcomputer-based visual stimu­
lator and data analyzer that can be used to study the 
changes that occur in brain waves when an individual 
responds to visual stimuli. In experiments with the 
visual stimulator, Dr. Ratliff and his associates place 
electrodes on the scalp of the subject of an experi­
ment, present the subject with visual patterns, and 
record the subject's response. These experiments 
have begun to provide important information about 
how the human visual system works. Use of the 
visual stimulator has also enabled scientists to pin­
point abnormalities in the visual system and detect 
other neurological disorders, such as one type of 







Although many of the components of the visual 
stimulator were readily available, the interface equip­
ment had to be designed and constructed in-house 
for the Ratliff laboratory. Developed with the assis­
tance of the University's electronics engineers, the 
equipment used to display visual patterns represents 
state-of-the-art electronics. Receiving input from the 
operator's terminal, the microcomputer generates the 
visual signals, drives the recorders, and stores the 
information that is recorded. Equipment designed 
by Rockefeller electronics specialists also processes 
the information in a form that enables the micro­
computer to analyze the data. 
In recent years, all Rockefeller laboratories have 
come to rely heavily on computers, which play a cen­
tral role in every area of biomedical research. In 
response to the dramatic growth of new uses for the 
computer-in acquiring data in the laboratory, 
analyzing patterns in genes and diseases, and search­
ing scientific literature-Rockefeller established a 
central Computing Services staff to address the day­
to-day computer needs of the University community. 
Members of the Computing Services staff manage a 
time-shared cluster of machines and serve as consul­
tants to both investigators and such supporting staff 
services as the University's library and The Rocke­
feller University Press. The continuous development 
of new laboratory and office computer applications is 
increasing productivity campus-wide and may well 
generate entirely new research perspectives. 
Electronics and computer technology play such an 
important role in the scientific laboratory that 
Rockefeller has also developed a nationally recog- 17 
nized research program in this field. The Laboratory 
of Electronics and Laboratory Microprocessors com-
bines state-of-the-art computer science and micro-
processor technology to improve instrumentation, 
computer control of experiments, and data acquisi-
tion and processing. In 1977, this laboratory was 
designated a computer resource center by the 
National Institutes of Health. Since then, Rocke-
feller electronics experts have collaborated with 
biomedical scientists around the world in developing 
innovative computer technology to meet specific 
medical research needs. 
This brief overview of technological advance at the CONCLUSION 
University has highlighted only a few of the impor-
tant contributions made by Rockefeller instrument 
makers, electronics experts, and computer specialists. 
Over the years, the development of new techniques 
at Rockefeller has helped scientists advance knowl-
edge in many biomedical disciplines. 
As scientific research grows increasingly complex, 
computer and electronics experts and skilled instru­
ment makers at institutions such as The Rockefeller 
University will continue to play a vital role in design­
ing and constructing the sophisticated equipment on 
which scientific progress depends. 
Dr. Roderic M Scott is a consultant to the Perkin-Elmer 
Corporation, where he served for many years as vice president 
and as principal scientist of the optical technology division . 
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